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XCVIII. An Account of fome Experiments 
concerning the different Refrangibility of 
Light. By Mr. John Dollond. With a 
Letter from James Short, M.A. F.R.S. 
Acad. Reg. Suec. Soc. 


To the Rev. Dr. Birch, Secret. R. S. 


Read June 8 

* 758- 


I 


Dear Sir, 

Have received the inclofed paper from 

_ Mr. Dollond, which he defires may 

be laid before the Royal Society. It contains the 
theory of corredting the errors arifing from the dif¬ 
ferent refrangibility of the rays of light in the ob- 
jedt-glades of refradting telefcopes j and I have found, 
upon examination, that telefcopes made according to 
this theory are intirely free from colours, and are as 
diftindt as refledting telefcopes. I am, 

Dear Sir, 


Surrey-ftreet, Your moil obedient humble Servant, 
8th June, 1758. 

Ja. Short. 


T T is well known, that a ray of light, refradted 
by pafling thro’ mediums of different denfities, 
is at the fame time proportionally divided or fpread 
into a number of parts, commonly called homogeneal 
rays, each of a different colour j and that thefe, after 
refradtion, proceed diverging: a proof, that they are 

differently 
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differently refradted, and that light confifts of parts 
that differ in degrees of refrangibility. 

Every ray of light palling from a rarer into a 
denfer medium, is refradted towards the perpendicu¬ 
lar ; but from a denfer into a rarer one, from the per¬ 
pendicular ; and the fines of the angles of incidence 
and refradtion are in a given ratio. But light con- 
fifting of parts, which are differently refrangible, 
each part of an original or compound ray has a ratio 
peculiar to itfelf j and therefore the more a hetero¬ 
gene ray is refradted, the more will the colours di¬ 
verge, fince the ratios of the fines of the homogene 
rays are conftant; and equal refradtions produce 
equal divergencies. 

That this is the cafe when light is refradted by 
one given medium only, as fuppofe any particular 
fort of glafs, is out of all difpute, being indeed felf- 
evident; but that the divergency of the colours will 
be the fame under equal refradtions, whatfoever me¬ 
diums the light may be refradted by, tho’ generally 
luppofed, does not appear quite fo clearly. 

However, as no medium is known, which will 
refradt light without diverging the colours, and as 
difference of refrangibility feems thence to be a pro¬ 
perty inherent in light itfelf, Opticians have, upon 
that confideration, concluded, that equal refradtions 
muff produce equal divergencies in every fort of me¬ 
dium : whence it fhould alfo follow, that equal and 
contrary refradtions mull; not only deftroy each other, 
but that the divergency of the colours from one re¬ 
fradtion would likewife be corredted by the other j 
and there could be no poffibility of producing any 
fuch thing as refradtion, which would not be affedted 
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by the different refrangibilty of light; or, in other 
words, that however a ray of light might be re¬ 
fracted backwards and forwards by different me¬ 
diums, as water, glafs, &c. provided it was fo done, 
that the emergent ray fhould be parallel to the in¬ 
cident one, it would ever after be white 5 and, con- 
verfely, if it fhould come out inclined to the inci¬ 
dent, it would diverge, and ever after be coloured. 
From which it was natural to infer, that all fpherical 
objeCt-glaffes of telefcopes mu ft be equally affeCted 
by the different refrangibility of light, in proportion 
to their apertures, whatever material they may be 
formed of. 

But it feems worthy of confideration, that not- 
withftanding this notion has been generally adopted 
as an inconteftable truth, yet it does not feem to 
have been hitherto fo confirmed by evident experi¬ 
ment, as the nature of fo important a matter juftly 
demands ; and this it was that determined me to 
attempt putting the thing to iffue by the following 
experiment. 

I cemented together two plates of parallel glafs at 
.their edges, fo as to form a prifmatic or wedge-like 
veffel, when flopped at the ends or bafes; and its 
edge being turned downwards, I placed therein a 
glafs prifm with one of its edges upwards, and 
filled up the vacancy with clear water: thus the 
refraction of the prifm was contrived to be contrary 
to that of the water, fo that a ray of light trans¬ 
mitted thro’ both thefe refraCting mediums would 
be refraCted by the difference only between the two 
refractions. Wherefore, as I found the water to re- 
fraCt more or lefs than the glafs prifm, I diminifhed 

or 


z 
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or increafed the angle between the glafs plates, till I 
found the two contrary refractions to be equal } 
which I difcovered by viewing an objeCt thro’ this 
double prifm j which, when it appeared neither raifed 
nor depreffed, I was fatisfied, that the refractions 
were equal, and that the emergent rays were parallel 
to the incident. 

Now, according to the prevailing opinion, the ob¬ 
ject fhould have appeared thro’ this double prifm 
quite of its natural colour j for if the difference of 
refrangibility had been equal in the two equal re¬ 
fractions, they would have rectified each other: but 
the experiment fully proved the fallacy of this re¬ 
ceived opinion, by fhewing the divergency of the 
light by the prifm to be almoft double of that by 
the water I for the objeCt, tho’ not at all refracted, 
was yet as much infeCted with prifmatic colours, as 
if it had been feen thro’ a glafs wedge only, whofe 
refracting angle was near 30 degrees. 

N. B. This experiment will be readily perceived 
to be the fame as that which Sir Ifaac Newton 
mentions but how it comes to differ fo very 
remarkably in the refult, I fhall not take upon 
me to account for j but will only add, that I 
ufed all poffible precaution and care in the pro- 
cefs, and that I keep the apparatus by me to 
evince the truth of what I write, whenever I 
may be properly required fo to do. 

I plainly faw then, that if the refraCting angle 
of the water-veffel could have admitted of a fufiicient 


* Book I. Part ii. Prop. 3. Experiment 8. of his Optics. 

increafe 
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increafe, the divergency of the coloured rays would 
have been greatly diminifhed, or intirely rectified ; 
and there would have been a very great refraction 
without colour, as now I had a great difcolouring 
without refraCtion: but the inconveniency of fo 
large an angle, as that of the veffel muft have been, 
to bring the light to an equal divergency with that 
of the glafs prifrn, whofe angle was about 60 de¬ 
grees, made it neceffary to try fome experiments of 
the fame kind, by fmaller angles. 

I ground a wedge of common plate glafs to an 
angle of fomewhat lefs than 9 degrees, which re¬ 
fracted the mean rays about y degrees. I then made 
a wedge-like veffel, as in the former experiment, 
and filling it with water, managed it fo, that it re- 
fraCted equally with the glafs wedge; or, in other 
words, the difference of their refractions was no¬ 
thing, and objeCts viewed thro’ them appeared nei¬ 
ther raifed nor depreffed. This was done with an 
intent to obferve the fame thing over again in thefe 
fmall angles, which I had feen in the priffn : and it 
appeared indeed the fame in proportion, or as near as 
I could judge; for notwithftanding the refractions 
were here alfo equal, yet the divergency of the co¬ 
lours by the glafs was vaftly greater than that by the 
water; for objeCts feen by thefe two refractions were 
very much difcoloured. Now this was a demon- 
ftration, that the divergency of the light, by the 
different refrangibility, was far from being equal in. 
thefe two refractions. I alfo faw, from the pofition 
of the colours, that the excefs of divergency was in 
the glafs j fo that I increafed the angle of the water- 
wedge, by different trials, till the divergency of the 
Vol, 50. 5 B light 
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light by the water was equal to that by the glafs, 
that is, till the object, tho’ confiderably refradted, 
by the excefs of the refradtion of the water, appeared 
neverthelefs quite free from any colours proceeding 
from the different refrangibility of light; and, as 
near as I could then meafure, the refradtion by the 
water was about £ of that by the glafs. Indeed I 
was not very exadt in taking the meafures, becaufe 
my bulinefs was not at that time about the propor¬ 
tions, fo much as to fhew, that the divergency of 
the colours, by different fubftances, was by no means 
in proportion to the refradtions; and that there was 
a poffibility of refradtion without any divergency of 
the light at all. 

Having, about the beginning of the year 1757, 
tried thefe experiments, 1 foon after fet about grind¬ 
ing telefcopic objedt-glaffes upon the new principles 
of refradtions, which I had gathered from them j 
which objedt-glaffes were compounded of two fphe- 
rical glaffes with water between them. Thefe glaffes 
I had the fatisfadtion to find, as I had expedted, free 
from the errors arifing from the different refrangi¬ 
bility of light: for the refradtions, by which the 
rays were brought to a focus, were every-where the 
differences between two contrary refradtions, in the 
fame manner, and in the fame proportions, as in the 
experiment with the wedges. 

However, the images formed at the foci of thefe 
objedt-glaffes were ftill very far from being fo di- 
ftindt as might have been expedted from the removal, 
of fo great a difturbance; and yet it was not very 
difficult to guefs at the reafon, when I confidered, 
that the radii of the fpherical furfaces of thofe glaffes 

were 
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were required to be fo fhort, in order to make the 
refractions in the required proportions, that they 
mult produce aberrations, or errors, in the image, as 
great, or greater, than thofe from the different re- 
frangibility of light. And therefore, feeing no me¬ 
thod of getting over that difficulty, I gave up all 
hopes of fucceeding in that way. 

And yet, as thefe experiments clearly proved, that 
different fubftances diverged the light very differently, 
in proportion to the refraction ; I began to fufpeCt, 
that fuch variety might poffibly be found in different 
forts of glafs, efpecially as experience had already 
fhewn, that fome made much better objeCt-glaffes, 
in the ufual way, than others: and as no fatisfa&ory 
caufe had as yet been affigned for fuch difference, 
there was great reafon to prefume, that it might be 
owing to the different divergency of the light by their 
refractions. 

Wherefore, the next bufinefs to be undertaken, 
was to grind wedges of different kinds of glafs, and 
apply them together, fo that the refractions might 
be made in contrary directions, in order to difcover, 
as in the foregoing experiments, whether the re¬ 
fraction and divergency of the colours would vanifh 
together. But a confiderable time elapfed before I 
could fet about that work; for tho’ I was determined 
to try it at my leifure, for fatisfying my own curiofity, 
yet I did not expeCt to meet with a difference fuffi- 
cient to give room for any great improvement of 
telefcopes; fo that it was not till the latter end of 
the year that I undertook it, when my firft trials 
convinced me, that this bufinefs really deferved my 
utmofl attention and application. 

i B 2 


I dif- 
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I difcovered a difference, far beyond; my hopes, 
in the, refraCtive qualities of different hinds of glafs, 
with refpeCt to their divergency of colours. The 
yellow or draw-coloured foreign fort, commonly 
called Venice glafs, and the Englilh crown glafs, are 
very near alike in that reipeCt, tho’ in general the 
crown glafs feems to diverge the light rather the 
leaf! of the two. The common plate glafs made in 
England diverges more ; and the white cryftal or 
flint Englifh glafs, as it is called, mod: of all. 

It was not now my bufinefs to examine into the. 
particular qualities of every kind of glafs that I could 
come at, much lefs to amufe myfelf with conjectures 
about the caufe, but to fix upon fuch two forts as 
their difference was the greateft; which I foon found 
to be the crown, and the white flint or cryftal. I 
therefore ground a wedge of white flint of about 2y 
degrees, and another of crown of about a 9 degrees, 
which refraCted nearly alike j but their divergency of 
the colours was very different. I then ground feve- 
ral others of crown to different angles, till I got 
one, which was equal, with refpeCt to the divergency 
of the light, to that in the white flint: for when 
they were put together, fo as to refraCt in contrary 
directions, the refraCted light was intirely free from 
colour. Then meafuring the refraCtions of each 
wedge, I found that of the white glafs to be to that 
of the crown nearly as 2 to 3 ; and this proportion 
would hold very nearly in all final! angles. Where¬ 
fore any two wedges made in this proportion, and 
applied together, fo as to refraCt in a contrary di¬ 
rection, would refraCt the light without any diffe¬ 
rence of refrangibility. 

M * np 

To 
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To make therefore two fpherical glaflfes, that (halt 
refraCt the light in contrary directions, it is eafy to 
underftand, that one mult be concave, and the other 
convex ; and as the rays are to converge to a real' 
focus, the excels of refraction mult evidently be in 
the convex; and as the convex is to refraCt molt, it 
appears from the experiment, that it mult be made 
with crown glafs, and the concave with white flint 
glafs. 

And further, as the refractions of fpherical glafles 
are in an inverfe ratio of their focal diftances; it 
follows, that the focal diftances of the two glafles 
fhould be inverfely as the ratio’s of the fractions of 
the wedges: for being thus proportioned, every ray 
of light, that pafles thro’ this combined glafs, at 
whatever diftance it may pafs from its axe, will con- 
ftantly be refraCted, by the difference between two 
contrary refractions, in the proportion required; and 
therefore the different refrangibility of the light will 
be intirely removed. 

Having thus got rid of the principal caufe of the 
imperfection of refraCting telelefcopes, there feemed 
to be nothing more to do, but to go to work upon 
this principle: but I had not made many attempts, 
before I found, that the removal of one impediment 
had introduced another equally detrimental (the fame 
as I had before found in two glafles with water be¬ 
tween them): for the two glafles, that were to be 
combined together, were the fegments of very deep 
fpheres; and therefore the aberrations from the fphe¬ 
rical furfaces became very confiderable, and greatly 
difturbed the diftin&nefs of the image. Tho’ this 
appeared at firft a very great difficulty, yet I was- 

not 
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not long without hopes of a remedy: for confider- 
ing, the furfaces of fpherical glaffes admit of great 
variations, tho’ the focal diftance be limited, and 
that by thefe variations their aberrations may be 
made more or lefs, almoft at pleafurej I plainly faw 
the poffibility of making the aberrations of any two 
glafles equal; and as in this cafe the refractions of 
the two glaffes were contrary to each other, their 
aberrations, being equal, would intirely vani£h. 

And thus, at laft, I obtained a perfeCt theory for 
making objeCt-glaffes, to the apertures of which I 
could l'carce conceive any limits: for if the practice 
could come up to the theory, they mull certainly 
admit of very extenfive ones, and of courfe bear 
very great magnifying powers. 

But the difficulties attending the practice are very 
confiderable. In the firft place, the focal diftances, 
as well as the particular furfaces, mull be very nicely 
proportioned to the denfities or refracting powers of 
the glaffes ; which are very apt to vary in the fame 
fort of glafs made at different times. Secondly, the 
centres of the two glaffes muff be placed truly on the 
common axis of the telefcope, otherwife the defired 
effeCt will be in a great meafure deftroyed. Add to 
thefe, that there are four ftirfaces to be wrought per¬ 
fectly fpherical; and any perfon, but moderately 
praCtifed in optical operations, will allow, that there 
muff be the greateft accuracy throughout the whole 
work. 

Notwithftanding fo many difficulties, as I have 
enumerated, I have, after numerous trials, and a 
refolute perfeverance, brought the matter at laft to 
iuch an iffue, that I can conftruCt refracting tele- 

fcopes, 
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fcopes, with fuch apertures and magnifying powers, 
under limited lengths, as, in the opinion of the’beft 
and undeniable judges, who have experienced them, 
far exceed any thing that has been hitherto pro¬ 
duced, as reprefenting objects with great diftindtnefs,. 
and in their true colours. 

John Dollond. 


XCIX. An Account of fome extraordinary 
RffeSis arifing from Convulfions \ being 
Part of a Letter to John Huxham, M.D. 
and F.R.S. from William Watfon, M.D, 
F. R. S. 


6 June, 1758. 

Read June 15. T N the month of January 1757, I 
17581 X. was concerned for a young gentle¬ 
woman, who, if the number, continuance, and fre¬ 
quency of their returns, be conlidered, fuffered the 
moft violent and fevere convulfions I ever knew. 
At fome times the mufcular fpafms were general; at 
other times Angle mufcles only, or a number of 
them, fubfervient to fome particular purpofe in the 
animal oeconomy, were affected. And fuch was 
the peculiarity of this cafe, that after and in pro¬ 
portion as any Angle mufcle, or any determined 
number of mufcles, had been in a flate of fpafm, a 
paralytic inability fucceeded to thofe mufcles, which 
very much difordered and impaired, and feveral times 
even, for no fmall continuance prevented the patient 
S from 




